Wild tomatoes are a valuable source of disease resistance germplasm for tomato (Solanum lycopersicum) breeders. Many species are known to possess a certain degree of resistance against certain pathogens, however evolution of resistance traits is yet poorly understood.
141 habitats and can thus be used to investigate whether we see differences in infection rate 142 throughout the range of the species. We also test whether these differences show a linear 143 pattern when tested against geographical and climatic variables (e.g. north more resistant, high 144 precipitation more resistant) or whether a multitude of factors leads to specific local adaptations 145 to each of the three pathogens. 150 We grew seven different Solanum chilense populations (accession numbers LA1963, LA2931, 151 LA2932, LA3111, LA4107, LA4117 and LA4330) consisting of 10 different plants each and one 152 Solanum pennellii (LA0716) population in our glasshouse from randomly chosen seeds. The 153 plants were grown with 16h light and a minimum temperature of 18°C. Mature plants were cut 154 back at a biweekly interval to assure young leaves of similar age were available at all times for 155 all populations 156 157 Pathogen propagation and spore production 158 Alternaria solani 159 A. solani strains B055 and St108 were obtained from the chair of Phytopathology at the TUM 160 (Munich, Germany) and cultivated on SNA plates (at 22°C, 12h UV-A light, 12h darkness 161 (induction of sporulation) and 85% humidity for 3 weeks. We harvested the spores with ddH 2 0 162 by scratching the mycelium with off the agar. The solution was filtered through 4 layers of mesh 163 and diluted to a concentration of 5000 spores per ml. Each leaflet was infected with a 10µl 164 droplet.
Phytophthora infestans
166 We obtained late blight pathogen P. infestans strain EC1 from the James Hutton Institute 167 (Dundee, UK). It was cultivated on RyeB agar, incubated 6 days at RT in darkness, 3 days at 168 RT and daylight. We scratched the mycelium with ice cold water with a pipette tip from the plate 169 and store at 4°C until further use (up to 3 hours). The solution was diluted to 2000-3000 170 sporangia per ml and the leaflets were infected with 5µl of this solution.
171 Fusarium sp.
172 Fusarium infected lesions were identified on a few detached S. chilense leaves from our 173 glasshouse. These lesions were extracted and re-cultivated for several rounds on Potato-174 Dextrose-Agar (PDA) for clean-up. Microscopic observations and sequence analysis of a cloned 175 Tubulin Beta gene confirmed the genus. Once clean, the Fusarium was grown on PDA for a 176 minimum of four days at RT. Spores were harvested by adding ddH 2 O and aspirating the liquid.
177 The spores were diluted to 2x10 5 -5x10 5 spores per ml and we infected the individual leaflets 178 with 5µl of this solution.
179 All protocols for pathogen cultivation, including ingredients for the growth media can be found in 180 more detail on https://www.protocols.io/view/Plant-Pathogen-Cultivation-fmkbk4w 181 182 Infection assays 183 To minimise the effect of variation between plants within one population, we collected leaves of 184 same age randomly from 8 to 10 plants per population and shuffled them. We then drew the 185 leaves randomly from that mix to distribute them over up to 9 boxes for each infection 251 To test the robustness of our method, we did an additional infection with a second strain of 252 Alternaria (B055). The overall infection rates are lower in this set of experiments (median of 0.54 253 compared to 0.62), however Figure S2 shows that just like for strain st108, LA3111 is the least 254 infected population with a mean of 0.40 and LA4330 and LA2932 have a high median, with an 255 infected fraction of 0.70 or 0.73 respectively.
256 With Fusarium we also see differences between the infected fraction of each population.
257 Interestingly LA3111 is in this case the most infected population (mean: 0.72, median: 082) 258 whereas LA4107 is the least susceptible (mean = 0.28, median = 0.11).
259 Finally, for P infestans, the infected fractions again show a different pattern. The data show a 260 larger spread as can be seen by the larger distance between the 1 st and 3 rd quartile and the 261 lowest and highest mean and median fraction were closer together ranging from 0.30 and 0.21 262 for LA3111 to 0.60 and 0.70 for LA4330 ( Fig 2C) . LA3111, one population that seems 263 particularly resistant against Alternaria and Phytophthora seems to be the most susceptible to 264 Fusarium.
266
To test the significance of the differences and the effect of the different populations on infection, 267 we constructed a general linearised mixed model (glmm). We assigned experimental 268 parameters (data, box and leaf number) as random effects and tested whether there were 269 significant differences between the populations for each infecting species by looking at the 270 infection counts (y) per leaf. These models show that indeed there are highly significant 271 differences (p<0.00001) in infection rates between some populations for all three pathogens 283 Phytophthora (7). Interestingly, some populations show the same result for all pathogens: there 284 are no differences between LA1963 and LA2931 (both central) nor for LA2931 and LA4107 285 (south coast and central) or LA4107 and LA4117 (south coast and south mountain). Also, 286 LA1963 is always more susceptible than LA2932 and LA4117 is always more susceptible than 287 LA4330. In some cases a population in a pair is more resistant to one pathogen and more 288 susceptible to another. LA4330 is more resistant than LA3111 to Fusarium, but less resistant to 289 Alternaria and Phytophthora 290 291 292 A mix of climatic and geographic variables affect pathogen resistance 293 To see whether a change in certain geographic and climatic conditions can be linked to an 294 increase or decrease of resistance rates between populations, we built new glmm using such 295 data. First we made a simple model for Alternaria, testing the infection counts (y) against either 296 latitude or longitude, a combination of both or an interaction of both. This showed that both 297 latitude and longitude have a significant effect (p < 0.001). A model with both parameters shows 298 a better fit, whereas a model with an interaction does not. We extended the model to include 299 both parameters (longitude + latitude) and to fit various environmental parameters (Table 1, S. 300 Data 2). We obtained the best AIC (2641.8) for a model containing altitude, annual precipitation, 301 the temperature in the wettest and the temperature in the coldest quarter. Additions of other 302 climatic data did not yield an improvement of the model. Table 1 shows that of all effects, 303 longitude is the strongest effect, followed by the mean minimum temperature in winter, the 304 annual precipitation and altitude. It should be noted that models that only take temperature 305 effects into account do not account for significance. A glmm with the infection counts set against 306 the previously identified genetic groups (y ~ group), yields a high AIC (2705). The model with 307 the populations yields an as good AIC as the one with all available variables. This suggests that 308 no single variable has a strong, exclusive correlation to infection rate and that each population 309 represents its own micro environment with specific geographic and climate parameters that are 310 all of influence.
311
Similar to Alternaria, we tested all variables for Phytophthora and Fusarium. The pattern seen 312 for Phytophthora is almost identical to that of Alternaria. The AIC values are generally lower, but 313 the trends are the same. Interestingly, Fusarium shows a slightly different picture. Whereas 314 longitude is still the strongest effect, its significance is lower and the temperature in the coldest 315 quarter of the year has a relatively large effect. The effect of altitude is not significant and 316 differences in annual precipitation have a nearly negligible effect as well. As with Alternaria, the 317 model testing for the group effect shows a lesser fit than the model per population (results for 318 selected models can be found in S data 2). 319 320 321 Discussion 322 323 The wild tomato Solanum chilense grows in a variety of habitats in Chile and Peru, ranging from 324 lower coastal areas to very high altitudes (>3000m). These populations experience considerable 325 variation in geographic parameters like precipitation and temperatures. It is known that S. 326 chilense has a clear demographic pattern and signs of adaptations to climatic differences 327 between different populations (Fischer et al. 2011 , Nosenko et al. 2016 . A demographic 328 pattern of North-South colonisation is observable with larger and more diverse populations in 329 the north of the range and smaller and less diverse populations in the south. In addition, there is 330 little to no genetic exchange between some of the southern most populations that are separated 331 by the extremely dry Atacama desert. This lead to the conclusion that S. chilense can be divided 332 in a northern, a central and two southern genotype groups .
333 We hypothesised that pathogen pressures must differ a lot between such diverse geographical 334 locations and as such S. chilense should show signs of pathogen adaptations between the 335 different populations. To test our hypothesis we performed infection assays with three global 336 Solanum pathogens and with selected S. chilense populations. We observe clear differences 337 between the infection success rates of the 3 pathogens on the different S. chilense populations, 338 indeed suggesting local pathogen adaptations. We could observe a clear separation between 339 the genotype groups, only for Alternaria infection, where the central populations are more 340 susceptible than those from groups in the south. With the other pathogens, within-group 341 differences exist. Pairwise comparisons confirmed that outcomes differ within groups and 342 between pathogens. For example, a pair that shows significant differences for Phytophthora and 343 Alternaria infection (LA1963-LA4330) does not show this for Fusarium or the other way around 344 and very strong pairwise differences can even be seen within the previously identified genotype 345 groups (e.g. LA2932-LA4107 with Fusarium). We also showed that there are no generally more 347 Fusarium, but the most susceptible to Phytophthora and Alternaria.
349
We used a glmm to test which factors might contribute to these differences. Interestingly, 350 whereas the species as a whole, shows a strong north-south demography, our analyses show 351 that not latitude, but longitude is a very strong effect. This could at the one hand be explained 352 due to the absence of the northern most group in our analysis, but a more likely explanation is 353 the bigger geographic and associated climatic difference in the east-west gradient of the 354 species, with low altitude coastal areas in the west, and high mountains in the east.
355 Temperature differences can have large effects on the prevalence of pathogen populations as 356 shown for wild plant-pathosystems (Laine 2008) and also on crops, pathogens show adaptation 357 to different temperature regimes (Mboup et al. 2012 , Stefansson et al. 2013 The mountainous 358 areas in our study have particularly cold winters and fairly low mean temperatures in summer, 359 which could be detrimental for pathogen survival or slow its growth and thus reduce pathogen 360 pressure.
361
Our results show indeed that temperature in winter as well as temperature in the wettest quarter 362 have a significant effect on infection rate. The importance of overwintering inoculum has 363 previously been shown to be a main predictor for Podosphaera plantaginis epidemics on 364 Plantago lanceolata in the next growing season (Soubeyrand et al. 2009 ). However, it must be 365 noted that models that only incorporate winter temperature or indeed any other single climatic 366 variables effects did not show any significance. This is in line with a between species 367 comparison for wild potato (Spooner et al. 2009 ) and might be related to the fact that some 368 higher altitude locations also have the highest annual precipitation rates. For example for P. 369 infestans a relative high humidity has large effects on successful sporulation (Harrison and Each row represents a pairwise comparison. Green cells represent a significant difference (p < 0.001 after multiple testing correction) and the numbers represent the estimated effect, with negative numbers indicating that the population mentioned on the left is less resistant than the one on the right.
